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Abstract
Micronutrient deficiency remains a serious problem in Indonesia with approximately 100 mil-
lion people, or 40% of the population, suffering from one or more micronutrient deficiencies.
In rural areas with poor market access, forests and trees may provide an essential source of
nutritious food. This is especially important to understand at a time when forests and other
tree-based systems in Indonesia are being lost at unprecedented rates. We use food con-
sumption data from the 2003 Indonesia Demographic Health Survey for children between
the ages of one and five years and data on vegetation cover from the Indonesian Ministry of
Forestry to examine whether there is a relationship between different tree-dominated land
classes and consumption of micronutrient-rich foods across the archipelago. We run our
models on the aggregate sample which includes over 3000 observations from 25 provinces
across Indonesia as well as on sub-samples from different provinces chosen to represent
the different land classes. The results show that different tree-dominated land classes were
associated with the dietary quality of people living within them in the provinces where they
were dominant. Areas of swidden/agroforestry, natural forest, timber and agricultural tree
crop plantations were all associated with more frequent consumption of food groups rich in
micronutrients in the areas where these were important land classes. The swidden/agrofor-
estry land class was the landscape associated with more frequent consumption of the larg-
est number of micronutrient rich food groups. Further research needs to be done to
establish what the mechanisms are that underlie these associations. Swidden cultivation in
is often viewed as a backward practice that is an impediment to food security in Indonesia
and destructive of the environment. If further research corroborates that swidden farming
actually results in better nutrition than the practices that replace it, Indonesian policy makers
may need to reconsider their views on this land use.
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Introduction
Global efforts to improve food security and health increasingly acknowledge the importance of
a balanced, micronutrient-rich diet. Adequate intake of micronutrient-rich foods is an essential
part of sustainable strategies to prevent micronutrient deficiencies. These deficiencies can hinder
both the physical and cognitive development of children as well as increase the risk of infection
and childhood mortality particularly among the poor in developing countries [1]. Recognition
of the need to increase the consumption of micronutrients-rich foods has stimulated calls to
make agricultural policies and practice move beyond the historical focus on yield and energy
(calorie) availability to also take into account dietary quality [2]. Forests and trees may play an
important role in the nutrition-sensitivity of the food system and broader landscape [3, 4].
Forests and trees can contribute to food security and nutrition in at least three ways. First,
forests contribute indirectly to food security through the ecosystems services that they provide
to agriculture [5–7]. Second, smallholder farming practices that are dependent on trees, such as
swidden cultivation and agroforestry, likely result in more diverse diets since they produce a
variety foods [8]; and dietary diversity is a strong indicator of dietary quality [9, 10]. Third,
people living in or near forests can have direct access unmediated by markets to wild foods
from forests [11, 12].
Forest foods including fruits, vegetables, fish, bushmeat, and insects, tend to have high
nutritional quality. For example, fruits and vegetables are generally rich in many micronutri-
ents, low in fat and high in fiber, while bushmeat, fish, and insects are excellent sources of bio-
available micronutrients [4, 13]. In contrast, agriculture often focuses on the production of a
handful of staple crops that, on their own, may not provide a balanced diet with sufficient
quantities of micronutrients [14]. Forest foods have been documented to contribute to food
security and nutrition in regions and countries all over the world; including many countries in
Africa [15], Madagascar [16], Ghana [17], Tanzania [13], South Africa [18], Gabon [19] India
[20], Argentina [21], Brazil [22], as well as in Indonesia [12, 23–25].
Nutrition in Indonesia
Indonesia is facing a multitude of food security and nutrition challenges. Despite considerable
progress over the last few decades in reducing child mortality and the prevalence of under-
weight and stunted children, there remains a long way to go before all Indonesian children are
free of malnutrition [26]. Over a single decade, from the period 1993–1997 to 2003–2007, child
mortality in Indonesia dropped by 33% from 69 to 44 child deaths per 1,000 live births [26],
yet the prevalence of stunting in children under 5 years of age remains high at 25.2% and
39.2%, in urban and rural areas respectively [27]. Currently, 29% of Indonesian households
have a caloric intake below the recommended daily allowance [28]. Around 40% of the popula-
tion (100 million Indonesians) suffer from one or more micronutrient deficiencies—the most
common being iron, vitamin A, zinc and iodine [29, 30]. Moreover, as Indonesia has devel-
oped, chronic, diet-related diseases, have increased dramatically in association with dietary and
lifestyle transitions [31], leading to the ‘double burden’ of simultaneous over and under-nutri-
tion. Maternal and Child Double Burden (MCDB), defined as the coexistence of an overweight
mother and stunted child in the same household, has an estimated prevalence of 11% in rural
Indonesia [32, 33].
Indonesia has had policies in place to combat micronutrient deficiencies since the mid
1970s [34, 35]. The Ministry of Health (MOH) currently implements supplementation pro-
grams for two micronutrients; iron and vitamin A; as well as a fortification program for iodine
[36]. The effectiveness of supplementation and fortification programs is beyond dispute. Glob-
ally, millions of lives are saved, and enormous reductions in morbidity have been and are being
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achieved through such programs [37]. In Indonesia, significant reductions in child mortality
and morbidity can be attributed in part to the success of micronutrient supplementation pro-
grams [26, 38–41]. Unlike supplementation and fortification schemes, food based initiatives
have received comparatively little attention in national policies [41, 42]. Addressing the causes
of undernutrition: poor diets lacking in calories and micronutrients [43], as well as infection
[44], is key to overcoming it in a sustainable fashion [45].
Nationally representative data on food intake are not easily available in Indonesia and die-
tary patterns vary significantly by geographic region reflecting local availability and cultural
differences. For instance, while rice is the primary staple food throughout much of Indonesia,
sago remains the staple food in Papua province. Likewise, sources of protein vary from island
to island, with plant-based protein such as tofu and tempeh (as well as animal-source foods)
dominant in Java, while some eastern Islands in Nusa Tenggara are dependent entirely on fish
for protein. Despite the variation in dietary patterns, aggregate figures for the country suggest
poor dietary quality is one of the major causes of malnutrition in Indonesia [26, 27, 46–48].
Indonesians consume on average about 160 kg of rice per capita per year [49] with very low
quantities of vegetables, fruits and animal source foods [50]. The consumption of micronutri-
ent-rich animal source foods remains low—particularly in poor rural environments—with
average consumption of meat and fish at 9.4 and 2.2 kg per capita per year respectively [36].
Despite variation in traditional foods, the nutrition transition—experienced near universally
across Indonesia—driven by improved access to income and markets is resulting in increased
consumption of processed foods (noodles), oils, fats and sugars across the country. Fewer than
26% on the population adheres to the national guidelines of not consuming more than a quar-
ter of energy from fats and oils [36]. Most staple foods in Indonesia are extremely low in iron,
zinc and vitamin A, whereas animal source foods, leafy-green vegetables, and fruits contain
higher densities of all three micronutrients[51].
Given low overall consumption of animal source foods, fruit, and vegetables, dietary
approaches to relieving the burden of malnutrition may be apposite. Studies have shown that
increased consumption and expenditure on animal-source foods, leafy-green vegetables and
fruits in Indonesia is directly linked to nutritional status [46, 52, 53]. Our understanding of
why people in Indonesia are not eating more fruits, vegetables, and animal source foods,
remains limited. One possible explanation is that nutrient-dense foods are generally more
costly than grains and tubers [54]. It is also possible that in rural areas where infrastructure is
poor, some nutritious foods that are perishable and not locally grown are unlikely to be traded
in markets and therefore might simply be unavailable. And finally, social and cultural factors
may also be affecting peoples’ dietary choices.
If the lack of infrastructure and availability of food are important constraints, then it is likely
that in areas where these foods are more available, we will see higher consumption. Since many
forest foods, e.g. fruits, vegetables, and wild meat, tend to be micronutrient-dense, we hypothe-
size that children living in areas with more forests will consume micronutrient-rich foods more
frequently. In addition to natural forests, tree-based agricultural systems such as swidden culti-
vation and smallholder agroforestry that are widely practiced in forested regions may also be
positively associated with dietary quality. Swidden cultivation (also known as shifting cultiva-
tion and slash-and-burn agriculture] is comprised of many different practices and techniques,
but its main defining feature is that fields are cleared for annual or semi-annual crops, then
returned to fallow, and subsequently re-cleared in a cyclic fashion. Forest is often cleared to
begin the cycle and the fallows can regenerate into forests before they are re-cleared. The land-
scapes where swidden is prevalent are often characterized by mosaics of forests, fallows, and
fields. Swidden cultivation has long been known for the diversity of crops grown [55,56] as well
as the management of fallows for wild foods [57]. In addition to the diversity of staple foods
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that are often intercropped with legumes and vegetables, the management of fruit and nut trees
in both fields and fallows, as well as hunting in both fallows and adjacent secondary forests can
result in a diverse and nutrient-rich diet.
Landscapes dominated by natural forests and forest mosaics characteristic of swidden and
smallholder agroforestry may provide micronutrient-rich foods as explained, but it is also pos-
sible that the conversion of such landscapes into commercial plantations either for timber or
other tree cash crops (oil palm, rubber, coffee, etc.) can bring infrastructure, development and
cash income to remote areas, enabling local people to buy healthy foods. In trying to under-
stand the relationship between forests and diets in Indonesia, we think it is useful to examine
both the contributions of forests and mosaics to diets as well as the competing land uses of
commercial agriculture. In this study we investigate the relationship between diet and four dif-
ferent tree-dominated land classes in rural Indonesia–natural forests, swidden/smallholder
agroforestry, timber plantations, and agricultural tree crop plantations.
Methods
Dietary data
We use food consumption data from the 2003 Indonesian Demographic Health Survey (DHS)
for children under five years of age. While these data are quite old, this is the only nationally
representative data set with information on individual food consumption at a small enough
scale (village level) that includes location information enabling us to combine the data with
vegetation data on forests and trees.(The DHS has done more recent surveys, but these do not
include GPS coordinates. The Indonesian National Economic Survey is done every two years,
but the information collected is only on expenditures and is at the household and not individ-
ual level. Also, location information is available only for the district and not the village level).
The DHS are nationally representative household surveys, focusing on maternal and child
health in developing countries. DHS surveys have been carried out in over 90 countries around
the world, using standardized methods and questionnaires. The focus of our study is on the fre-
quency with which children consumed items from various food groups over the seven days
preceding data collection. We constrained the study to rural areas and included children
between the ages of 13 and 59 months so as to exclude children who were mainly consuming
breast milk or formula. We use data for only one child per household since there is likely to be
correlation of food consumption among children in the same household. Overall, 3,063 obser-
vations from 25 provinces were included in our analysis.
The Indonesian DHS includes information on the number of days in the last week that a
child consumed from various food groups. We focus our analysis on foods from the following
food groups since they tend to be high in micronutrients: vitamin A rich fruits (mango, papaya,
durian, jackfruit), leafy-green vegetables (spinach, cassava leaves, etc.), vitamin A rich vegeta-
bles (pumpkin, sweet potato, yams, carrots), ‘other’ fruits and vegetables (apples, bananas, avo-
cados, tomatoes, etc.), legumes (lentils, beans, peanuts, soybeans, tofu, tempeh), and animal
source foods (meat, poultry, fish, and eggs)[10].
Spatial data
The main hypothesis that we test is whether there is an association between forests (and other
tree-dominated landscapes) and the consumption of micronutrient-rich foods in Indonesia.
Since the DHS includes longitude/latitude for each community included in the survey, we were
able to join the dataset with 2003 data on vegetation classes from the Indonesian Ministry of
Forestry (MOF) [58]. The MOF classifies land use based on Landsat satellite imagery at 30
meters resolution; we focus our analysis on tree-dominated land classes and include the
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following categories: natural forest (which includes primary forest, secondary forest, and
swamp forest), agricultural plantations (palm oil, rubber, coffee, etc.), timber plantations (teak,
Acacia, etc.) derived from the MOF classifications. These categories are relatively straightfor-
ward. We also create a land use category of swidden/agroforestry based on the MOF category
of ‘upland farming mixed with bush’. The description that the MOF uses for this class is: “An
entire scene of upland farming and plantation, which muddles up with shrub, bush, and logged
forest. It is frequently found in shifting cultivation area, and karst land planting rotation. This
classification also includes mixed plantation, dominated by tree crops (plantation trees) in
between the shrub.” [59] This category is by no means definitive, but since there are no aggre-
gate statistics for land area used for swidden and agroforestry for Indonesia, we use this infor-
mation under the assumption that there will be some ‘signal’ in the data even though there will
likely be some measurement error.
We calculated the average area for each of the different classes for a 5km radius around the
village coordinates provided by the DHS. The DHS does not report exact coordinates for vil-
lages, but displaces 99% by up to 5 km (and 1% by up to 10%) to protect anonymity of commu-
nities. Fig 1 shows the approximate location of the DHS communities used in the study as well
as the different vegetation classes used in the analysis.
Independent Variables
Several individual level characteristics of the child may affect consumption patterns and there-
fore were controlled for in the model. Older children tend to eat more foods both in quantity
and diversity so we control for both the age of the child as well as age squared. We excluded
children under thirteen months from the study, as there is a high probability that they would
Fig 1. Indonesia Map. The approximate location of the DHS communities used in the study as well as the different tree-dominated land classes used in
the analysis from Indonesian Ministry of Forestry.
doi:10.1371/journal.pone.0154139.g001
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be getting a substantial percentage of their calories from breastfeeding. However, 41% of the
children in the sample were still breastfeeding to some degree, so we also controlled for this
effect by including a dummy variable equal to one if the child was breastfeeding at the time of
the survey. Since it is possible that there might be cultural norms about feeding boys and girls
different foods, we included a dummy equal to one if a child was male.
Various household characteristics are known to affect the consumption of nutritious foods.
The effect of the parents’ education on a child’s nutrition has been well documented so we
include the number of years of the father’s education [60]. Wealthier households may be able
to afford to buy more food and food that may be of higher quality. Most food groups show
some degree of income elasticity in Indonesia, with animal source foods showing higher
income elasticities than other food groups [61]. Income data is not collected by DHS surveys,
but the DHS includes an asset-based wealth score which is constructed by principle component
analysis based on the methodology developed by Filmer and Prichett [62]. Although assets do
not equate to income available for food, they represent a good proxy for the relative wealth of a
household over time, are less susceptible to measurement error and have been shown to be
strong predictors of child nutrition outcomes [63]. The religion of the household also may
affect dietary patterns. The most obvious example is that Muslims are forbidden to consume
certain types of meat including pork; it is especially important to address this issue for this
study since wild pigs are an important source of meat for many people living near forests in
Indonesia. We, therefore, also include a dummy variable equal to one if the head of household
is Muslim.
Geographical factors such as aridity and elevation can affect the type of agricultural prac-
tices as well as the types of crops grown which in turn can affect which wild foods are available.
Proximity to the coast is also likely to be important for both access to markets as well as for
consumption of fish and other seafood. Since the DHS does not distinguish between fish (or
any of the animal source foods), we control for proximity to the sea by including the distance
from the village to the coast as a variable in our model. Rivers can be important in some regions
for fish so we also include distance to closest to river. The level of market integration is an
important concern; households with poor access to markets are more dependent on self-pro-
duced food and are often subject to higher market prices for purchased food. In contrast,
households with good access to markets may be more dependent on market foods, making
them more susceptible to food price fluctuations [64]. We use distance to nearest city with a
minimum of 10,000 inhabitants as a proxy for access to markets.
Summary statistics for all of the variables used in the regressions are reported in Table 1.
Regression Model
National Model. The following is our basic regression model:
Fi ¼ aþ bAþ dI þ yH þ WC þ sDþ mP þ ε
where F represents the frequency of consumption during the last seven days of a given food
group and i is our index for food groups which includes: meat, green leafy vegetables, vitamin
A rich fruits, vitamin A rich vegetables, ‘other’ fruits and vegetables. A is a vector of land area
in various tree-dominated land use classes within 5 km of the child’s community with a base-
line of all other land use classes. I is a vector of the child’s characteristics including age in
months, age squared, sex, and a dummy for whether the child is currently breastfeeding.H is a
vector of household characteristics including: wealth (based on an asset index), the number of
years of the father’s education and a dummy equal to one if the household is Muslim. C is a
vector of community characteristics including percentage of distance to the nearest city,
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distance to coast, distance to nearest river, aridity, and elevation. D is an ordered variable repre-
senting the month the interview took place to account for seasonal variations in dietary pat-
terns. And P is a vector of province dummy variables that were included in the survey.
Since the dependent variable in our models, consumption frequency, is a ‘count’ variable,
we run poisson or negative binomial regressions with standard errors clustered at the commu-
nity level (poisson models were used when the variance was less than the mean and negative
binomial regressions when the variance exceeded the mean). The main independent variables
of interest are the vegetation classes characterized by tree cover.
Regional case studies. Indonesia is a vast archipelago with enormous diversity in geogra-
phy, ecology, agricultural practices, and culture across regions. We include dummies for the 25
provinces found in the data in the overall models, in order to control for regional-level varia-
tions. Nevertheless, an aggregate analysis still combines effects that likely differ across regions.
If relationships differ substantially in direction and magnitude across the sample, then a model
run on the entire sample will be unable to uncover these effects. We therefore, also run the
models for a sub-set of regions individually.
We choose four provinces–- Central Sulawesi, West Kalimantan, Central Java, and Riau—
each of which is chosen to represent one of the tree-dominated land classes. Central Sulawesi is
the province in the data set that has the largest area of natural forests. Kalimantan is the area in
Indonesia most known for the practice of swidden cultivation [65, 66] and our data set indi-
cates that West Kalimantan is the province in Kalimantan with the most area in the land class
Table 1. Summary statistics for variables used in regressions.
Dependent Variables (# of days per week consumed) Mean Std dev
Animal source foods 3.87 2.85
Vitamin A rich fruits 1.66 2.21
Vitamin A rich vegs 1.21 1.94
Green leafy veg 3.77 2.78
‘Other’ fruits and veg 2.16 2.32
Legumes 2.01 2.55
Independent Variables
Forest in ha 891 1,583
Timber Plantations in ha 272 910
Agr Crop Plantation in ha 548 1,323
Swidden/agroforest in ha 2,061 2,238
Father’s education 7.3 3.7
Wealth score -58,710 80,112
Currently breastfed 0.61 0.49
Month Index 7.7 4.9
Elevation 194 312
Aridity index 15,102 3,894
Distance to city (in degrees) 0.43 0.42
Distance to coast (in degrees) 0.3` 0.35
Distance to river (in km) 3.7 5.8
Age in months 28 11
Muslim (yes = 1) 0.82 0.39
Male (yes = 1) 0.53 0.50
Observations 3,064
doi:10.1371/journal.pone.0154139.t001
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defined as ‘swidden/agroforests’ based on the MOF data from 2003. Central Java has the most
land area with planted forests in the DHS dataset and Riau has the most land with agricultural
tree crop plantations.
Results
National Model
Table 2 shows the regression coefficients and z-statistics from the aggregate model. The key
variables of interest are the land class variables; therefore their coefficients are the focus of the
discussion. We find no statistically significant relationship between area of natural forest and
frequency of consumption of any of the six food groups. Children living in areas with more
land in timber plantations eat both vitamin A rich fruit and legumes more frequently than chil-
dren living in other areas. Children living in areas with more land used for tree crop plantations
only eat legumes more frequently than children living in other areas. There is also a statistically
significant positive relationship between area in swidden and frequency of legume
consumption.
As can be seen in Fig 1, there are large differences in the types of land use and cover across
the archipelago. There are also vast differences in culture, infrastructure, and history. It is quite
possible that the relationships between the different land use classes and diet also differ across
the country and thus may be ‘hidden’ in the aggregate analysis. We, therefore, also run the
models on four regional sub-samples.
Four Provinces
Table 3 below summarizes the results for each land class category for each food group. We
report the results only for the province that was chosen to represent the particular land class.
Not all provinces have much land in some of the classes so it might be misleading to focus for
example on results for ‘forests’ in a province which only has 100 ha of land in forests. The com-
plete tables with all of the regression coefficients for each food group for each province can be
found in S1–S4 Tables.
We see that in Central Sulawesi, there is a positive relationship between the frequency of
vitamin A rich fruit consumption, vitamin A rich vegetable consumption, and green vegetable
consumption and the area around a community that is natural forest. In Central Java, there
was a weak, but positive relationship between the area with timber plantations and frequency
of consumption of meat. In Riau, children living in areas with more land cultivated with plan-
tation crops only ate vitamin A rich vegetables more frequently than children with less land in
that category. And finally, in West Kalimantan, children living in communities with more land
under swidden/agroforests ate meat, vitamin A rich fruits, green vegetables, and legumes more
frequently than children living in areas with less land under swidden/agroforests.
Discussion
While it is useful to have national level aggregate studies that look for broad patterns in rela-
tionships, these can lead to very different results and conclusions than studies at a more local
level, particularly in a country as geographically and culturally diverse as Indonesia. There are
two reasons why this can occur. First, there may be unobserved variables that are correlated
with the independent variables of interest that can affect the estimates. For example, land use
practices may differ across ethnic groups as do cultural preferences for certain foods [54]. In a
regression using the aggregate sample, certain places which are more likely to have different
geographies and land uses are also more likely to have different ethnic groups with associated
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Table 2. All Indonesia (poisson and negative binomial regression results with standard errors clustered at DHS cluster level reported in
parentheses).
(1) (2) (3) (4) (5) (6)
Independent Variables Animal source foods Vit A rich fruit Vit A rich veg Green veg ‘other’ fruit & veg legumes
Forest area 2.35e-06 -8.52e-06 3.51e-05 -1.03e-05 -1.03e-05 1.57e-07
(0.183) (-0.304) (0.953) (-0.906) (-0.906) (0.00519)
Timber plantation area 1.47e-05 8.93e-05*** 3.48e-05 5.70e-06 5.70e-06 6.47e-05**
(0.862) (2.951) (0.864) (0.316) (0.316) (2.163)
Agr Plantation area 5.08e-06 2.37e-05 3.78e-05 2.13e-06 2.13e-06 8.21e-05***
(0.376) (0.864) (1.332) (0.175) (0.175) (3.498)
Swidden/agroforest -6.21e-06 -1.20e-05 -3.42e-06 -7.67e-06 -7.67e-06 3.04e-05*
(-0.700) (-0.763) (-0.158) (-0.998) (-0.998) (1.824)
Father’s education 0.0195*** 0.0380*** 0.0274*** 0.0118*** 0.0190*** 0.0169**
(4.776) (4.730) (2.726) (2.693) (2.836) (2.157)
Wealth index 9.96e-07*** 6.49e-07 2.97e-06*** -1.22e-07 3.40e-07 8.03e-07*
(4.509) (1.541) (5.187) (-0.552) (1.034) (1.934)
breastfeeding -0.236*** -0.326*** -0.202*** -0.298*** -0.201*** -0.204***
(-7.450) (-5.758) (-2.838) (-10.03) (-4.460) (-3.939)
Month of survey -0.00934** 0.00955 0.00429 0.00422 0.00503 0.000320
(-2.453) (1.319) (0.465) (1.151) (0.897) (0.0446)
Elevation -1.77e-06 -2.71e-05 1.23e-05 4.42e-05 -1.55e-05 7.01e-06
(-0.0290) (-0.226) (0.0812) (0.842) (-0.172) (0.0572)
Aridity index 2.55e-07 -5.38e-06 -7.84e-06 -3.31e-07 5.61e-06 -2.31e-05*
(0.0378) (-0.425) (-0.463) (-0.0522) (0.613) (-1.885)
Distance to coast -0.149** 0.244** 0.0621 0.0391 -0.0710 0.0275
(-2.037) (1.973) (0.426) (0.673) (-0.752) (0.225)
Distance to river -2.00e-07 -8.42e-06 -6.47e-06 1.15e-06 6.38e-06 4.10e-07
(-0.0849) (-1.587) (-0.631) (0.463) (1.070) (0.0587)
Distance to city 0.0335 -0.130 -0.298** -0.0701 -0.111 -0.169
(0.550) (-1.189) (-2.111) (-1.469) (-1.407) (-1.240)
Age in months -0.000506 0.00753 -0.00884 -0.0130* -0.00934 0.0131
(-0.0711) (0.603) (-0.562) (-1.919) (-1.001) (1.131)
Age squared -9.27e-05 -0.000224 -4.15e-05 7.22e-05 8.66e-05 -0.000379**
(-0.848) (-1.156) (-0.163) (0.691) (0.625) (-2.146)
Muslim 0.0654 0.223* -0.124 0.0127 0.0850 0.318**
(1.001) (1.727) (-0.752) (0.246) (0.850) (2.192)
Male 0.0311 -0.0291 0.00847 0.00299 0.00665 -0.0449
(1.165) (-0.591) (0.268) (0.109) (0.157) (-1.055)
Province dummies yes yes yes yes yes yes
Constant 1.333*** 0.166 0.790* 1.496*** .7693*** 1.124***
(7.293) (0.524) (1.694) (8.280) (2.92) (3.374)
Observations 3,063 3,044 3,082 3,064 3,050 3,039
Robust z-statistics in parentheses
*** p<0.01
** p<0.05
* p<0.1
doi:10.1371/journal.pone.0154139.t002
Forests, Trees, and Micronutrient-Rich Food Consumption in Indonesia
PLOS ONE | DOI:10.1371/journal.pone.0154139 May 17, 2016 9 / 15
cultural preferences for foods. Second, there can be actual differences in the relationships
between the land use practices themselves and diets in different regions due to such things as
differences in soil quality or access rights and law enforcement. For example, access to forest
land for swidden can differ across regions resulting in differences in soil quality and subsequent
harvests and therefore diet. Similarly, law enforcement against illegal hunting may differ across
regions affecting the relationships between the different land classes and frequency of con-
sumption of animal source foods.
When we compare the results from our aggregate model as seen in Table 2 with the results
from the provincial sub-samples in Table 3, we see that indeed, most of the provincial patterns
are not maintained in the overall regression results. For example, in the overall sample, there is
no statistically significant relationship between area of natural forest and consumption of any
of the nutrient-rich food groups, while in forest-rich Central Sulawesi, children living in close
proximity to forests consume micronutrient-rich foods more frequently than children living in
other areas. There are any of number of reasons why this may be the case. For example, the for-
ests in Central Sulawesi may have more fruit-bearing trees than in other regions; access to for-
ests may be easier in the region due to different local laws and customs; local cultures may have
greater knowledge of wild foods and/or value their taste more than in other regions.
Similarly, in the aggregate sample, there is a positive statistically significant relationship
between frequency of consumption of vitamin-A rich fruits and legumes and the amount of
land with timber plantations. But, when we focus only on Central Java—the province in the
sample with the most land area used for timber plantations—there is no statistically significant
relationship between area of timber plantation and the frequency of consumption of these
foods, but there is a positive relationship between timber plantation area and meat consump-
tion. In 2003, the five Javanese provinces had by far the majority of timber plantations in the
sample. Thus it is possible that the timber variable picks up some of the characteristics of Java
which are associated with more frequent fruit and legume consumption than in other islands.
When we look at Central Java alone, there is no difference in consumption frequency of vita-
min-A rich fruit and legumes in communities with or without timber plantations. We re-ran
the aggregate model excluding the Javanese provinces from the analysis and indeed no longer
find a statistically significant association between timber plantation area and frequency of con-
sumption of vitamin-A rich fruit or legumes. This seems indicative that the timber plantation
variable in the regressions using the aggregate sample is proxying for other regional effects.
Plantation crops such as palm oil, rubber, and coffee are often seen as important ways of
reducing poverty and improving livelihoods in Indonesia. It is often assumed that better diets
will follow from higher income. The aggregate model results show that children in areas with
more land with plantation crops only eat legumes more frequently than children living in other
areas. When we focus on the province of Riau (the province with the largest area of agricultural
tree crop plantations) we see that children living in areas with more agricultural plantation
Table 3. Four Provinces (table indicates the sign of the coefficient when statistically significant and number of stars indicate statistical signifi-
cance level *-90%; **-95%; ***-100%.
Meat VitaminA-rich fruit VitaminA-rich Veg Green leafy veg ‘Other’ fruit & veg Legumes
Forests (Central Sulawesi) * + *** + ** +
Timber Plantations (Central Java) *+
Agricultural Tree Crops (Riau) *** +
Swidden/Agroforestry (West Kalimantan) ** + *** + ** + *** +
doi:10.1371/journal.pone.0154139.t003
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crops eat vitamin-A rich vegetables with greater frequency than those with less land in these
areas. Thus the Riau results are also different from those for the aggregate sample.
The aggregate sample also showed that only for legume consumption was there a statisti-
cally significant relationship between land area in swidden/agroforests, but no relationship was
found for frequency of consumption of any of the other food groups. By contrast, in the West
Kalimantan sub-sample, the results show a statistically significant relationship for frequency of
consumption of animal source foods, vitamin-A rich fruits, and green vegetables as well as for
legumes. This land class is difficult to interpret with certainty because it combines different
types of land into one category; namely smallholder agroforestry activities and swidden cultiva-
tion. Thus for example, in areas where this represents agroforestry, the more frequent con-
sumption of fruits that we see might be grown on planted trees, but in areas where it is swidden
agriculture, these foods may be coming from planted crops, gathered from the wild, or from
managed fallows. In many areas, both practices are combined as well [65, 67]. Swidden agricul-
ture is often viewed as a backward and primitive practice that is an impediment to food security
and contributes to deforestation and degradation [68,69]. If the land in the swidden/agroforest
land use category for West Kalimantan is largely comprised of swidden lands, then both the
Indonesian government and researchers will need to reconsider their views on its contribution
to food security.
Any positive relationship between one of the land use categories and diet can be driven by a
direct or indirect effect. The direct effect would be either through food grown or collected in
the forests, fallows or fields. The indirect effects might work through purchases made as a result
of income earned from plantations for example or through better access to foods as a result of
improved infrastructure that might accompany large plantation development. We assume that
the better diets found for children living in areas with more forests and more swidden/agrofor-
estry are a result of direct effects since these tend to be relatively low remunerating activities.
Indeed we find a weak positive association between land with timber plantations in Central
Java and animal source food consumption, which is the food group most associated with
income. Thus it is plausible that higher incomes in communities with timber plantations are
used to purchase more animal source foods, but not more fruits and vegetables. The positive
association between agricultural plantations in Riau and frequency of consumption of vitamin-
A rich vegetables may be due to higher incomes or better market access as a result of improved
infrastructure allowing purchase of these foods. It also might be a result of an omitted factor
such as ethnicity. These plantations are well known to employ Javanese workers who may have
different tastes in foods, rooted in a long culinary culture. If higher income is driving this result,
it is somewhat surprising that we do not see the purchase of more animal source foods and
vitamin-A rich fruits and ‘other’ fruits and vegetables as well.
Conclusions
Much of the policy rhetoric on food security in Indonesia focuses on production of more rice
since it is the main staple food (and thus source of calories) and also important for cultural,
political and historical reasons [70]. Increased rice production however, does not address the
widespread problem of micronutrient deficiency. Government run micronutrient supplemen-
tation programs and public-private partnerships encouraging fortification have been the pri-
mary policies targeted at reducing micronutrient deficiencies with little attention paid to
dietary quality.
The results here suggest that the nature of the landscape and the agrarian context may affect
dietary quality and such factors should be considered in both land use policies as well as those
aimed at improving nutrition. Our results suggest that forests and tree-based systems could
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play an important role in supporting dietary quality in Indonesia, but further research is neces-
sary for understanding the exact mechanisms and the regional differences in such
relationships.
While the results for the aggregate data do not show strong associations between tree domi-
nated land classes and diet, the provincial level analyses exhibit interesting relationships. We
do not believe that these results are conclusive, but that they are suggestive enough of impor-
tant relationships between forests, tree-based systems, and nutrition to warrant further investi-
gation. The fact that the models run on the aggregate sample do not reflect the provincial level
results underscores the importance of more targeted research at the local level across different
regions of Indonesia. More detailed data on both quantities of food consumed as well as on the
definitive land use from different regions is necessary before arriving at conclusions and policy
recommendations.
Natural forest and semi-natural forest characterized by swidden/agroforestry were positively
associated with a larger number of nutritionally important food groups in provinces dominated
by these land uses, than timber and palm oil plantations were in the provinces dominated by
these land uses. The swidden/agroforestry land use was associated with more frequent con-
sumption of animal source foods which is a particularly important and limited food group for
the poor in developing countries. These results together suggest that the nutritional benefits
associated with commercial plantations may not be sufficient to compensate for the loss of pre-
vious benefits obtained from natural forests and swidden/agroforestry systems. Such a hypoth-
esis however, can only be tested through detailed and rigorous investigation at local scales.
Supporting Information
S1 Table. Central Sulawesi regression results.
(DOCX)
S2 Table. Central Java regression results.
(DOCX)
S3 Table. Riau regression results.
(DOCX)
S4 Table. West Kalimantan regression results.
(DOCX)
Author Contributions
Analyzed the data: AI DR. Contributed reagents/materials/analysis tools: MAS. Wrote the
paper: AI DRMAS BP TS.
References
1. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, De Onis M et al. Maternal and child undernu-
trition and overweight in low-income and middle-income countries. The Lancet. 2013 Aug 9; 382
(9890sas:427–51.
2. Ruel MT, Alderman H, Maternal and Child Nutrition Study Group. Nutrition-sensitive interventions and
programmes: how can they help to accelerate progress in improving maternal and child nutrition?. The
Lancet. 2013 Aug 16; 382(9891):536–51.
3. FAO (2013) Forests and trees outside forests are essential for global food security and nutrition, Sum-
mary of the International Conference on Forests for Food Security and Nutrition, FAO headquarters,
Rome, Italy
4. Vinceti B, Termote C, Ickowitz A, Powell B, Kehlenbeck K, Hunter D. The contribution of forests and
trees to sustainable diets. Sustainability. 2013 Nov 11; 5(11):4797–824.
Forests, Trees, and Micronutrient-Rich Food Consumption in Indonesia
PLOS ONE | DOI:10.1371/journal.pone.0154139 May 17, 2016 12 / 15
5. Sunderland TC. Food security: Why is biodiversity important?. International Forestry Review. 2011
Sep; 13(3):265–74.
6. Godfray HC, Beddington JR, Crute IR, Haddad L, Lawrence D, Muir JF et al. Food security: the chal-
lenge of feeding 9 billion people. science. 2010 Feb 12; 327(5967):812–8. doi: 10.1126/science.
1185383 PMID: 20110467
7. Foresight UK. The future of food and farming. Final Project Report, London, The Government Office for
Science. 2011.
8. Pimentel D, McNair M, Buck L, Pimentel M, Kamil J. The value of forests to world food security. Human
Ecology. 1997 Mar 1; 25(1):91–120.
9. Ruel MT. Operationalizing dietary diversity: a review of measurement issues and research priorities.
The Journal of nutrition. 2003 Nov 1; 133(11):3911S–26S. PMID: 14672290
10. Kennedy G, Ballard T, Dop MC. Guidelines for measuring household and individual dietary diversity.
Food and Agriculture Organization of the United Nations; 2011.
11. Colfer CJ, editor. Human health and forests: a global overview of issues, practice and policy. Rout-
ledge; 2012 May 4.
12. Dounias E, Froment A. From foraging to farming among present-day forest hunter-gatherers: conse-
quences on diet and health. International Forestry Review. 2011 Sep; 13(3):294–304.
13. Powell B, Hall J, Johns T. Forest cover, use and dietary intake in the East Usambara Mountains, Tanza-
nia. International Forestry Review. 2011 Sep; 13(3):305–17.
14. Kahane R, Hodgkin T, Jaenicke H, Hoogendoorn C, Hermann M, Hughes JD et al. Agrodiversity for
food security, health and income. Agronomy for sustainable development. 2013 Oct 1; 33(4):671–93.
15. Ickowitz A, Powell B, Salim MA, Sunderland TC. Dietary quality and tree cover in Africa. Global Envi-
ronmental Change. 2014 Jan 31; 24:287–94.
16. Golden CD, Fernald LC, Brashares JS, Rasolofoniaina BR, Kremen C. Benefits of wildlife consumption
to child nutrition in a biodiversity hotspot. Proceedings of the National Academy of Sciences. 2011 Dec
6; 108(49):19653–6.
17. Ahenkan A, Boon E. Improving nutrition and health through non-timber forest products in Ghana. Jour-
nal of Health, Population and Nutrition. 2011 Apr 1:141–8.
18. Barany M, Hammett AL, Sene A, Amichev B. Nontimber forest benefits and HIV/AIDS in sub-Saharan
Africa. Journal of Forestry. 2001 Dec 1; 99(12):36–41.
19. Blaney S, Beaudry M, LathamM. Contribution of natural resources to nutritional status in a protected
area of Gabon. Food and nutrition bulletin. 2009 Mar 15; 30(1):49–62. PMID: 19445259
20. Mahapatra AK, Panda PC. Wild edible fruit diversity and its significance in the livelihood of indigenous
tribals: evidence from eastern India. Food Security. 2012 Jun 1; 4(2):219–34.
21. Arenas P, Scarpa GF. Edible wild plants of the chorote Indians, Gran Chaco, Argentina. Botanical Jour-
nal of the Linnean Society. 2007 Jan 1; 153(1):73–85.
22. do Nascimento VT, de Lucena RF, Maciel MI, De Albuquerque UP. Knowledge and use of wild food
plants in areas of dry seasonal forests in Brazil. Ecology of food and nutrition. 2013 Jul 1; 52(4):317–43.
doi: 10.1080/03670244.2012.707434 PMID: 23802914
23. Sheil D, Salim A. Diversity of locally useful tropical forest wild-plants as a function of species richness
and informant culture. Biodiversity and Conservation. 2012 Mar 1; 21(3):687–99.
24. Colfer CJ. The longhouse of the tarsier: changing landscape, gender, and well being in Borneo. Borneo
Research Council, Inc., Maine, USA; 2008. Borneo research council monograph series, volume 10.
Swidden Transformations and Rural Livelihoods in Southeast Asia: Borneo Research Council, Inc.
25. SujarwoW, Arinasa IB, Caneva G, Guarrera PM. Traditional knowledge of wild and semi-wild edible
plants used in Bali (Indonesia) to maintain biological and cultural diversity. Plant Biosystems-An Inter-
national Journal Dealing with all Aspects of Plant Biology. 2015 Jan 8:1–6.
26. Chan Pauline MSc RD. Seminar on Young Child Nutrition: Improving Nutrition and Health Status of
Young Children in Indonesia. Asia Pacific journal of clinical nutrition. 2011 Mar 1; 20(1):141. PMID:
21393122
27. Sandjaja S, Budiman B, Harahap H, Ernawati F, Soekatri M, Widodo Y et al. Food consumption and
nutritional and biochemical status of 0 5–12-year-old Indonesian children: the SEANUTS study. British
Journal of Nutrition. 2013 Sep 1; 110(S3):S11–20.
28. Dodge E, Gemessa S (2012) Food Security and Rice Analysis of Policy Responses Price Stabilization
in Indonesia : Dissertation (Harvard University).
29. Martianto D. Food and nutrition security situation in Indonesia and its implication for the development of
food, agriculture and nutrition education and research at Bogor Agricultural University. Journal of Devel-
opments in Sustainable Agriculture. 2010; 5(1):64–81.
Forests, Trees, and Micronutrient-Rich Food Consumption in Indonesia
PLOS ONE | DOI:10.1371/journal.pone.0154139 May 17, 2016 13 / 15
30. MOH (2008) Riset Kesehatan Dasar (Primary Health Survey) (Jakarta, Indonesia).
31. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing
countries. Nutrition reviews. 2012 Jan 1; 70(1):3–21. doi: 10.1111/j.1753-4887.2011.00456.x PMID:
22221213
32. Oddo VM, Rah JH, Semba RD, Sun K, Akhter N, Sari M et al. Predictors of maternal and child double
burden of malnutrition in rural Indonesia and Bangladesh. The American journal of clinical nutrition.
2012 Apr 1; 95(4):951–8. doi: 10.3945/ajcn.111.026070 PMID: 22357721
33. Lipoeto NI, Wattanapenpaiboon N, Malik A, Wahlqvist ML. Nutrition transition in west Sumatra, Indone-
sia. Asia Pacific J Clin Nutr. 2004 Jan 1; 13(3):312–6.
34. Dijkhuizen MA, Wieringa FT, West CE. Concurrent micronutrient deficiencies in lactating mothers and
their infants in Indonesia. The American journal of clinical nutrition. 2001 Apr 1; 73(4):786–91. PMID:
11273854
35. Djokomoeljanto R, Setyawan H, Dramaix M, Hadisaputro S, Soehartono T, Delange F. The ThyroMobil
model for standardized evaluation of iodine deficiency disorder control in Indonesia. Thyroid. 2001 Apr
1; 11(4):365–72. PMID: 11349836
36. Usfar AA, Fahmida U. Do Indonesians follow its Dietary Guidelines?: Evidence related to food con-
sumption, healthy lifestyle, and nutritional status within the period 2000–2010. Asia Pacific journal of
clinical nutrition. 2011; 20(3):484. PMID: 21859671
37. Caballero B. Fortification, supplementation, and nutrient balance. European journal of clinical nutrition.
2003 Sep 1; 57:S76–8. PMID: 12947460
38. Allen LH. Ending hidden hunger: the history of micronutrient deficiency control. Background Analysis
for the World Bank-UNICEF Nutrition Assessment Project World Bank. 2000.
39. Semba RD. The historical evolution of thought regarding multiple micronutrient nutrition. The Journal of
nutrition. 2012 Jan 1; 142(1):143S–56S. doi: 10.3945/jn.110.137745 PMID: 22157539
40. Kurniawan A. Policies in alleviating micronutrient deficiencies: Indonesia's experience. Asia Pacific
Journal of Clinical Nutrition. 2002 Sep 1; 11(s1):S360–70.
41. Bhan MK, Sommerfelt H, Strand T (2007) Micronutrient deficiency in children. Br J Nutr 85:S199.
42. Tontisirin K, Nantel G, Bhattacharjee L. Food-based strategies to meet the challenges of micronutrient
malnutrition in the developing world. Proceedings of the Nutrition Society. 2002 May 1; 61(02):243–50.
43. Burchi F, Fanzo J, Frison E. The role of food and nutrition system approaches in tackling hidden hun-
ger. International journal of environmental research and public health. 2011 Jan 31; 8(2):358–73. doi:
10.3390/ijerph8020358 PMID: 21556191
44. Dewey KG, Mayers DR. Early child growth: how do nutrition and infection interact?. Maternal & child
nutrition. 2011 Oct 1; 7(s3):129–42.
45. Burchi F, Fanzo J, Frison E. The role of food and nutrition system approaches in tackling hidden hun-
ger. International journal of environmental research and public health. 2011 Jan 31; 8(2):358–73. doi:
10.3390/ijerph8020358 PMID: 21556191
46. Campbell AA, Thorne-Lyman A, Sun K, de Pee S, Kraemer K, Moench-Pfanner R et al. Greater house-
hold expenditures on fruits and vegetables but not animal source foods are associated with decreased
risk of under-five child mortality among families in rural Indonesia. The Journal of nutrition. 2008 Nov 1;
138(11):2244–9. PMID: 18936226
47. Sari M, de Pee S, BloemMW, Sun K, Thorne-Lyman AL, Moench-Pfanner et al. Higher household
expenditure on animal-source and nongrain foods lowers the risk of stunting among children 0–59
months old in Indonesia: implications of rising food prices. The Journal of nutrition. 2010 Jan 1; 140
(1):195S–200S. doi: 10.3945/jn.109.110858 PMID: 19939994
48. Gibson RS, Hotz C, Temple L, Yeudall F, Mtitimuni B, Ferguson E. Dietary strategies to combat defi-
ciencies of iron, zinc, and vitamin A in developing countries: development, implementation, monitoring,
and evaluation. Food and Nutrition Bulletin. 2000 Jun 1; 21(2):219–31.
49. Mohanty S. Trends in global rice consumption. Rice Today. 2013 Jan; 12(1):44–5.
50. BPS (2008)National Socio Economic Survey 2008. Jakarta: BPS (National Statistics Agency),
Jakarta, Indonesia.
51. Jati IR, Vadivel V, Nöhr D, Biesalski HK. Nutrient density score of typical Indonesian foods and dietary
formulation using linear programming. Public health nutrition. 2012 Dec 1; 15(12):2185–92. doi: 10.
1017/S1368980012001139 PMID: 22717080
52. Campbell AA, de Pee S, Sun K, Kraemer K, Thorne-Lyman A, Moench-Pfanner R et al. Relationship of
household food insecurity to neonatal, infant, and under-five child mortality among families in rural Indo-
nesia. Food and nutrition bulletin. 2009 Jun 15; 30(2):112–9. PMID: 19689089
Forests, Trees, and Micronutrient-Rich Food Consumption in Indonesia
PLOS ONE | DOI:10.1371/journal.pone.0154139 May 17, 2016 14 / 15
53. Souganidis ES, Sun K, de Pee S, Kraemer K, Rah JH, Moench-Pfanner R, et al. Determinants of ane-
mia clustering among mothers and children in Indonesia. Journal of tropical pediatrics. 2011 Jul 10:
fmr062.
54. Herforth A, Ahmed S. The food environment, its effects on dietary consumption, and potential for mea-
surement within agriculture-nutrition interventions. Food Security. 2015 Jun 1; 7(3):505–20.
55. Dove MR. Swidden Agriculture in Indonesia: The Subsistence Strategies of the Kalimantan Kant. Wal-
ter de Gruyter; 1985.
56. Thrupp LA, Hecht S, Browder JO, Lynch OJ, Megateli N, O'BrienW. The diversity and dynamics of
shifting cultivation: Myths, realities, and policy implications. Washington, DC: World Resources Insti-
tute; 1997 Jan.
57. Brookfield H, Padoch C. Appreciating agrodiversity: a look at the dynamism and diversity of indigenous
farming practices. Environment: Science and Policy for Sustainable Development. 1994 Jun 1; 36
(5):6–45.
58. MOF (2011) Indonesia Land Cover 2003, interpreted visually from Landsat ETM7+ satellite imagery
acquired between 2002 and 2003 in 1:250,000 scale by Directorate General of Forest Planning.
Indones Minist Forestry.
59. Ministry of Environment and Forestry Indonesia, Directorate General of Forestry Planning Decree
about Land Cover Monitoring Guidelines, Ministry of Forestry. 2015. Available: http://appgis.dephut.go.
id/appgis/download.aspx?status=view&filename=Perdirjen%20Planologi%202015%20Pedoman%
20Pemantauan%20Penutupan%20Lahan.pdf&fileFullName=E:%5Cwebgisapp%5CDownload%
5CPeraturan%20Terkait%20Informasi%20Geospasial%5CPerdirjen%20Planologi%202015%
20Pedoman%20Pemantauan%20Penutupan%20Lahan.pdf. Accessed 2016 May 9.
60. Cochrane SH, Leslie J, O'Hara DJ. Parental education and child health: intracountry evidence. Health
policy and education. 1982 Mar 31; 2(3):213–50.
61. Pangaribowo EH. Demand for Food of Indonesian Households: Evidence from Longitudinal Data.
RAND Indonesian Family Life Survey. University of Bonn Center for Development Research. 2011.
62. Filmer D, Pritchett L. Estimating wealth effects without expenditure data—or tears. InPolicy Research
Working Paper 1980, TheWorld 1998.
63. Sahn DE, Stifel D. Exploring alternative measures of welfare in the absence of expenditure data.
Review of income and wealth. 2003 Dec 1; 49(4):463–89.
64. Ruel MT, Garrett JL, Hawkes C, Cohen MJ. The food, fuel, and financial crises affect the urban and
rural poor disproportionately: a review of the evidence. the Journal of Nutrition. 2010 Jan 1; 140
(1):170S–6S. doi: 10.3945/jn.109.110791 PMID: 19939990
65. Padoch C, Harwell E, Susanto A. Swidden, sawah, and in-between: agricultural transformation in Bor-
neo. Human Ecology. 1998 Mar 1; 26(1):3–20.
66. Potter L. Swidden, Oil Palm, and Food Security in West Kalimantan. Kasarinlan: Philippine Journal of
Third World Studies. 2011; 26(1–2):252–63.
67. Padoch C, Coffey K, Mertz O, Leisz SJ, Fox J, Wadley RL. The demise of swidden in Southeast Asia?
Local realities and regional ambiguities. Geografisk Tidsskrift-Danish Journal of Geography. 2007 Jan
1; 107(1):29–41.
68. Fox J, Fujita Y, Ngidang D, Peluso N, Potter L, Sakuntaladewi N et al. Policies, political-economy, and
swidden in Southeast Asia. Human Ecology. 2009 Jun 1; 37(3):305–22.
69. McCarthy JF, Cramb RA. Policy narratives, landholder engagement, and oil palm expansion on the
Malaysian and Indonesian frontiers. The Geographical Journal. 2009 Jun 1; 175(2):112–23.
70. The Jakarta Post, Editorial: Ensuring Food Security, 17th November 2014. Available: http://www.
thejakartapost.com/news/2014/11/17/editorial-ensuring-food-security.html. Accessed 27 August 2015.
Forests, Trees, and Micronutrient-Rich Food Consumption in Indonesia
PLOS ONE | DOI:10.1371/journal.pone.0154139 May 17, 2016 15 / 15
